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SUMMARY
I This report discusses the frequency and types of Low-Level Wind Shear

N Alert System (LLWAS) wind shear alarms for the period of the .JAWS experiment
- during the thunderstorm season of 1982, reviewing distributions of wind speed
and wind shear measurements. Over 2 million observations from the Stapleton
LLWAS system form the basis for statistics developed in this report. We pre-~
sent examples when the LLWAS data were valuable in helping aircraft avoid
hazardous wind shear situations. Conversely, some wind shear alarms occurred
on days with few microbursts, and the flows causing many of these alarms, we
find, are unlikely to be a hazard to aircraft.

TR R R Y

Comparing LLWAS alarms with meteorological data from an array of surface ’nﬁ
stations and other sources we found that:

- - -
s
® 101 (16.3%) alarms were related to microbursts, -
.»-.1
° 75 (12.1%) were related to gust fronts, ﬁ?
; o 145 (23.3%) were related to isolated gusts, :'jij
| .
° 300 (48.3%) were related to other sources. SR
It is this last group of alarms (clearly not related to gust fronts or micro- e
bursts) that need to be characterized in terms of meteorological sources and
wind shear severity. Because we lack detailed meteorological data covering
i the lowest 300 meters for most alarms, we cannot perform a complete charac- .

terization in this report. An important observation is the large number
(145) of alarms involving isolated gusts (one or two isolated triggers near
the 15 kt threshold level). Our study suggests that a large number of false
alarms could be eliminated by requiring an alarm to consist of 3 or more con-
secutive triggers. The FAA is currently testing this concept.

The data set indicates that denser sensor spacing and timely detection
and dissemination are critical needs. Recommendations range from software SUREN
changes (e.p., an additional processing path will increase the effectiveness )
of the centerfield sensor) to applications of advanced array processing
theory. We recommend recording of LLWAS data at all operational sites to
D permit not ouly monitoring and evaluation of operating systems, but also the
development of statistics on microburst frequency-of-occurrence. A key -
vecommendation is that LLWAS systems be lmproved and these improvements
fnstalled at all major alrports.
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EXKCUTIVE SUMMARY

L This report dlscusses the frequency and types of Low-Level Wind Shear

" Alert System (LLWAS) wind shear alarms for the period of the JAWS experiment

I during the thunderstorm season of 1982, reviewing distributions of wind speed
" and wind shear measurements. Over 2 million observations from the Stapleton

- LLWAS system form the basis for statistics developed in this report. We pre-
- sent examples when the LLWAS data were valuable in helping alrcraft avoid <
hazardous wind shear situations. Conversely, some wind shear alarms occurred T
on days with few microbursts, and the flows causing many of these alarms, we .
find, are unlikely to be a hazard to aircraft. o

- Comparing LLWAS alarms with metecrological data from an array of surface ;;;7
-~ stations and other sources we found that: <

E: ® 101 (16.3%) alarms were related to microbursts,
° 75 (12.1%) were related to gust frouts,

e 145 (23.3%) were related to isolated gusts, o

® 300 (48.37) were related to other sources. . ]
It is this last group of alarms (clearly not related to gust fronts or micro- -.an
bursts) that need to be characterized in terms of meteorological sources and "-\
wind shear severity. Because we lack detailed meteorological data covering s
the lowest 300 meters for most alarms, we cannot perform a complete charac- NN
terization in this report. An important observation is the large number
(145) of alarms involving isolated gusts (one or two isolated triggers near f*“d

the 15 kt threshold level). Our study suggests that a large number of false
alarms could be eliminated by requiring an alarm to consist of 3 or more con-
secutlve triggers. The FAA is currently testing this concept. A summary of
the limitations of the LLWAS include the following:

® fhere are temporal and spatlal resolution limitations restricting
the rellable and timely detection of microbursts.

) Vertical motions are not sensed directly, and there is no prior L

warning of the descending downdraft until the hazardous, strong LR
horizontal flows already exist.

) A variety of mechanisms (such as shallow temperature iaversions near

the surtace) can prevent the horizontal winds from penetrating to
surface-based wind sensors.

° Wind shear events outside of a 3 km radius of the airport are not
covered, which may be a deficiency if a wind shear encounter occurs
along the glide slope or departure path outside of this 3 km radius
or {f wind shear systems are translating from outside the covered S
reyion into the lower portions of the glide slope. jf'“

The data set indfcates that denser sensor spacing and timely detection
and dissemination are critical needs. Some of the key recommendations for
improving the system are:
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Add an additional processing path to increase the effectiveness of
the centerfield anemometer.

Consider the application of signal processing technigues ranging
from alternative algorithms to an exhaustive re-examination of
sampling theory concepts providing improvements in wind shear detec-
tion and identification as well as reducing false alarms.

Investigate the benefits of increasing the number of sensors and
reducing the spacing between them.

Investigate the effects of averaging on the detection of gust fronts
and microbursts.

Recommend recording of LLWAS data at all operational sites to permit

" not only improved monitoring and evaluation of operational systems,

but also the development of nationwide statistics on microburst
frequency-of-occurrence.

Apply remote sensing technology to provide earlier warnings.

The LLWAS is the only currently available system for detecting wind shear

on a regular basis. It is recommended that the LLWAS system be suhstantially

Improved and these improvements installed in existing LLWAS Aystems at all

major airports.
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ABSTRACT

The LILWAS system operated from May through September 1982 as a
part of the .JAWS experiment. The data base obtained provided sta-
tistics and case studies permitting evaluation of the LLWAS system
and comparisons with other low-altitude measuring systems. Analyses
of the data set indlcate LLWAS capabilities requiring improvements. i
These include better spatial resolution, improved detection algo- ‘
rithms, and application of internal system checks for maintenance
and evaluation. There is a great need to record and anzlyze exist-
ing LLWAS at alrports not only to evaluate specific system opera-
tion, but also to develop detaliled climatologies of airport wind

shear. R

1. INTRODUCTION L )

During the summer of 1982, the .Joint Airport Weather Studies (JAWS) -.f;f
Project was conducted near Denver's Stapleton International Airport. The C e
experiment hiad three major objectives: basic scientific examination of the IR
convectively driven microburst, investigation of various aspects of aircraft ;;;

performance in microburst situations, and examination of a number of detec-
tion and warning systems for low-altitude wind shear. The experiment was
performed jointly by the National Center [or Atmospheric Research (NCAR) and
the University of Chicago, under grants, contracts, and agreements with the
National Scicence Foundation (NSF), the Federal Aviation Administration,(FAA), ]
the National Aeronautics and Space Administration (NASA), and the National o
Oceanic and Atmospheric Administration (NOAA).

Details revarding the sclentific background of the JAWS Project can be
found in Fujita and Byers (1977), Fujita and Caracena (1977), Fuijita (1981),
Bedard (1982), and McCarthy et al., (1982). Recent scientific results from
the project are presented in McCarthy et al. (1983), Wilson and Roberts
(1981), Kessinger et al. (1983), Frost et al. (1983), Caracena et al. (1983),
and Fujita and Wakfmoto (1983). The JAWS Project operational planning docu-
ment and the data summary (see JAWS, 1982; 19813) are available from the .JAWS o
Project at NCAR. pk}

The capabilities of arravs of anemanetoers to detect and warn of T
approaching wust fronts are well documented in the literature [e.g., Goff
(1980), Bedard et al. (19/79)]. However, similar evaluations have not been

made for anemoneter detect fon of microbursts. Hence, an important focus of
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this report is a comparison between LLWAS and microburst statistics.

Although the LLWAS system was not desipgned to detect microbursts, we wili
[ 4 attempt -to fdentify strengths and weaknesses of the LLWAS for providiag )
W mirroburst warnings. :

N l.1 The Context of the Experiment

. One of the three major objectives of the JAWS Project is the evaluation )
of a number of detection and warning systems for low-altitude wind shear,

including the FAA's low-level wind shear alert detection system (LLWAS), a
terminal Doppler radar concept, the NOAA pressure jump array system, and

: several alrborne systems. The JAWS Project is testing as many of these

' systems as 1is feasible using a broad set of convective microburst data. By

; collecting complete details on such events from a large number of sensors, we )
can compare the full capabilities of the systems.

. Ideally, any technological solution to wind shear detection and warning
; must provide the following to the users, presumably controllers and pilots:

(1) A high probability of detection )

(2) A low number of false alarms

(3) Accurate measurement of the level of hazard

(4) A high degree of automation of the hazard information

(5) A clear, direct transfer of the hazard information to the
aviation users.

-

The JAWS Project has investigated many but not all of these characteris-
tics individually and comparatively. For example, many of the above quali-
ties are addressed in Wilaon and Roberts (1983) for a terminal Doppler radar
as a remote detection and warning system.

-t

l.2 Objectives of the Study

This 1s an interim report on the statistics of the LLWAS system using -
data from LLWAS recorded by the FAA at Stapleton International Airport
during the JAWS Project. This report addresses the following subjects from a
statistical point of view:

- PR
L
L

(n General statistics of the LLWAS in JAWS:

Statistical summary of wind speed events

Statistical summary of wind shear events

Statistical summary of triggers

Statistical summary of alarms ’
Summary statistics

3 (2) Comparison of LLWAS alarms with microburst statistics
obtained with PAM system

; () Preiiminary discussion of simple algorithm improvements ’

’ (4) suggestions for creating batch statistics on a routine e
3 basis as a means of checking operation and guiding .
- maintenance
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(5) Preliminary recommendations from this study regarding the
future of the LLWAS.

A parallel effort is under way to evaluate the LLWAS operation using
case study comparisons with NCAR's Portable Automated Mesonet (PAM) and other R
supporting meteorological data., The results of that study will be reported i:jl
separately. Furthermore, an additional effort is underway to examine N
improved station geometry and detection algorithms, also to be reported
separately.

2. A DESCRIPTION OF THE LLWAS SYSTEM

2.1 Basic Technical Description
and the Mode of Operation in JAWS

1

The LLWAS was developed following the airline crashes of the mid-1970's o

and as a response of the FAA's Wind Shear Office. 1Initially recommended by j'j
NOAA's National Severe Storms Laboratory, the system is designed as a surface -

in situ wind measuring array centered on and around the airport. o

A report by Goff (1980) reviews the bases for the design of the LLWAS .

and provides details of the hardware and software. Reports by Goff et al. S

(1977), Lee et al. (1978), and Bedard et ale. (1979) provide more background REONE

on the use of surface sensors for the detection of low-altitude wind shear. RS

In this section we review operational characteristics of the LLWAS to aid in f'fy

understanding the statistics presented in this report. —

- ——-1

A typical system consists of a centerfield sensor and five boundary sen- O

sors usually located about 3 km from the center site and situated to favor ]

the instrument landing system middle marker location of each airport runway. S

The sensors are propeller/vane anemometer systems, sited at various heights R

from 6 to approximately 20 m AGL, to obtain clear airflow measurements above i

terrain and obstructions. =

The LLWAS is controlled by a central miniprocessor (usually located in
the control tower), which performs the following calculations:

'
JUTR T R RO

(1) It maintains a 15 scan (~2 min) running average of the centerfield
wind. This information 1is continuously displayed in the tower and is used by .
controllers and pilots. Standard gust component 1s also calculated and RN
displayed for this site. )

(2) Once every 7-10 8 the miniprocessor compares the ~8 s RC low-pass
filtered wind from each boundary site with the 15 scan (~2 min) average wind
at centerfield. The filter is determined by values of a resistor (R) and
canacitor (C) network connected to the anemometer output. A vector dif-
ference computation 1s made; and if a 15 kt threshold is reached or exceeded,
an alert is pgiven to the tower controller. Normally only the centerfield
averaye wind, plus gust component if appropriate, is displayed; but if the
wind shcar thrishold i1s exceeded, then the wind velocity at the appropriate
boundary ancmemeter is displayed. The controller may, however, choose to
display :ny or all sectors at one time. R,
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Figure | summarizes the operational characteristics of the LLWAS system.
In this figure the characteristics listed in brackets are those for the
LLWAS system as operated during the JAWS Project. Normally data are not
recorded for LLWAS systems. The addition of data recording to the Stapleton
LLWAS during .JAWS increased the scan interval from 7-10 s to ~11 s, with a
consequent increase of the centerfield 15 scan running average ... about 2.75
min.

When any given peak wind from the centerfield anemometer exceeds the cen-
terfield 15 scan mean wind by 9 kts, the peak wind value appears on the con-
trol tower display. This peak wind value 1s displayed for 15 scans unless:

(a) on a new scan the old value is exceeded. If this happens the new
scan value replaces the old;

(b) the centerfield mean wind increases to a value that is within 9 kts
of the peak pgust.

The wind shear calculation is based on a gust front advection hypothesis,
which detects the sudden onset of a discrepancy between the wind from a boun-
dary site and that from the centerfield site. The LLWAS was designed for the
detection of advecting wind-shift lines occurring on scales of the size of the
anemometer array {(~6 km) or larger. The present system was not designed to
detect microbursts. However, we will proceed to evalaute LLWAS potential for
providing microburst warnings.

The LLWAS system used at Stapleton during the JAWS Project applied two
software modifications (patches) intended to reduce the number of alarms
under certain meteorological conditions. Data processed were subjected to
the additional criteria described below.

Moditication 1

Denver is frequently subjected for pertods of many hours to strong winds
during chinook or foehn wind conditions. The turbulence associated with
these winds can cause sporadic triggers and audible alarms over long periods
of time. This modification is intended to suppress the audible alarm during
such downslope wind conditions. When the centerfield wind speed exceeds 35
knots all remote outputs are turned on for continuous display. A shear con-
dition is repgistered by flashing digits but no audible alarm is sounded.
This display persists until the centerfield wind speed falls below 25 knots.
At that point normal operation resumes.

Modiflcation 2

This modification {s intended to reduce spurious alarms caused by random
wind fluctuations. Sporiadic wind speed and direction changes can be caused
by ohstructions or complex terrain and not represent the hazard posed by
coherent wind-shift lines. The purpose of this modification i{s to reduce the
sensitivity of the system to sporadic wind vector changes while retaining
system sensitivitv to gust fronts.

This is accomplished by makini the trigger wind vector difference
threshold o fanction of the wind direction difference between the center-
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field and outlying anemometer site. The modification is summarized bty the

following: :
|
Direction difference between Vector difference for trigger T
outlying site and averaged threshold .
centerfield wind i
>60° > 15 knots S
30° to 60° > 20 knots -l
<30° > 25 knots -
q
Because of the complexity of the flow fields during davtime weak convec- )

tion, it is unlikely that either of these two modifications would signifi-

cantly reduce false alarms during these conditions. g."}
Fiftv-nine LLWAS arrays are now operational at selected airports and 51 -
additional systems will be installed by 1985. :
7.7 Definitton of Terms )
Before describing the dara from the LLWAS, 1t 1s necessary to define a ’ j
number of terms: v !
4
THUNDERSTORM GUST FRONT (Figure 2a,b): The leading edge of the cold air -
outflow from a thunderstorm Is termed a gust front. These density currents SREAS
can occur at large distances (>20 miles) from downflow regions and are R
characterized by a wind-shift line, pressure jump, gust surge, and temperature o

drop. Figure 2b Indicates qualitatively the form of the wind speed, tem-
perature, and pressure chances accompanying a thunderstorm gust front.

THUNDERSTORM MICROBURST (Figure 2a): When the region of downflow is less
than 4 km in width with the pecak winds lasting usually from 2 to 5 minutes
the system is called a microburst. 1In contrast to the thunderstorm gust
front, the microburst {s short lived, spatially concentrated, and exhibits
complex near-surface etfects. Figure 2b indicates qualitatively the form of
the wind speed, temperiatare, and pressure changes accompanying a thunderstorm

microburst.

WEAK CONVECULON (Figure 23): Solar heating of the surface of the Farth
produces repions of hiovant alr which rise {n the torm of thermal plumes.
The local convergence ot alr associated with a plume is responsible for the -

complex pattern of winds on a4 typical summer day.

AIRCRAFT WAKE VORTICES (Figure l2a): An alrfoil producing l{ft generates
A vortex pair (n its wake. The vortex pairs associated with heavy aircraft
moving at slow speeds in landiny and takeoff are especially strong and long
lived, The motion and decay processes can bhe quite complex and flows In
excess of 49 knots occur frequentlv. The fact that the vortex core diameter o
{s several meters or less tends to make the duration of a wind surye quite ‘;:j

short (<10 seconds).

WRAIVA(F FLLOWS (Figure 2a): Near-surtace cooling caused by nocturnal

radiation Toss can resalt in complex local fiow patterns as the colder air
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Figure 2b. Qualitative illustrations of the wind spced, temperature, and
pressure changes accompanying thunderstorms and microbursts.
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moves towards L?wer topography. Such currents are asually significantly
weaker (<8 m s ) than thunderstorm gust front or microburst flows (often >20
m s ). llowever, the effects of several interacting drainage flows could
produce vector differences large enough to exceed thresholds for gust front
or microburst algorithams.

SCAN:  LLWAS sampling interval. For the system examined in JAWS, the
computer polled each remote site once each 11 s, so the scan interval was 11
s. The normal 7-10 s scan interval was increased to 11 s because of the
requirement to record all data.

BAD DATA: Any scan listing a wind speed of 99 kts. This value is listed
when system checks for valid data are unsuccessful.

TRIGGER: When the vector difference between the centerfield running
average and a boundary site equals or exceeds 15 kts and a trigger flag
appears for a glven scan,

ALARM: An isolated trigger or a group of triggers occurring within three
consecutive scans of any trigger in the group. Thus a trigger is a solitary
threshold crossing event, which becomes an alarm if it is not followed within
three scans by another trigger. However, if a trigger is followed by another
trigger from the same site within three subsequent scans, the collection of
~lggers (from the same site) 1s an alarm. This definition of an alarm is
used to simulate the fact that in the control tower alarms are held for three
consecutive scans unless a larger shear value appears. This helps to reduce

the intermittency that often occurs from atmospheric variability.
3. GENERAL STATISTICS OF THE LLWAS IN .JAWS

During the JAWS Project the system ovperated continuously. [n splte of
some problems with bardware in early May and sporadic outages related to
power line surges, an excellent data set was recorded. Recording was
extended beyond the JAWS experimental period so that we obtained data disks
between 20 May and 1]l September 1982, covering about 1440 hours of system
operation. Vigure 3 and Table | summarize the intervals for which we were
able to retrieve data. The data recovered from the disks included wind speed
and wind direction for all nutlying sites as well as a running numerical (15
scan) averayge for the centerfield with peak gust information. The scan
interval with the particular software used was Increased slightly to about
11 s between scans. Also the output of the detection algorithm (if the vec-
tor Jdifference between an outlying site and centerfield average exceeded 15
kts) trigpered an event that was recorded and processed.

3.1 Wind Speed Data

The fundamental data collected by the I1.LWAS are the wind speed and
direction at each site, including the centerfield where the data are approxi-
mately 2 min runnlng average values, and the boundary remote sites (south-
wost, <southeast, northeast, northwest, and north) where the data are 8 s RC
filtered valuen, taken overy 11 s. Figure 4 is a histogram of all data suc-
cessfully recarded during JAWS for each site as a function of wind speed.

The yraphs show the number of values that occurred, displayed In 2.5 kt divi-
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Table 1. List of LLWAS data recorded in JAWS

Date (1982) Julian Day Start (MDT) Stop (MDT)
5/20 DAY: 140 START: 1500 STOP: 2359
| 5/21 DAY: 141 START: 0000 STOP: 1540
6/2 DAY: 153 START: 0000 STOP: 1840
6/4 DAY: 155 START: 1442 STOP: 2359
6/5 DAY: 156 START: 0721 STOP: 1438
6/5 DAY: 156 START: 1439 STOP: 2324
. 6/11 DAY: 162 START: 1325 STOP: 1356
) 6/11 DAY: 162 START: 1400 STOP: 2359
6/12 DAY: 163 START: 0000 STOP: 1447
6/13 DAY: 164 START: 2000 STOP: 2359
6/14 DAY: 165 START: 0519 STOP: 2125
6/16 DAY: 167 START: 1445 STOP; 2359
N 6/17 DAY: 168 START: 0000 STOP: 1605
) 6/21 DAY: 172 START: 0715 STOP: 2359
6/22 DAY: 173 START: 0000 STOP: 0837
6/22 DAY: 173 START: 1508 STOP: 2359
: 6/23 DAY: 174 START: 0000 STOP: 1630
: 6/24 DAY: 175 START: 0720 STOP: 2359
. 6/25 DAY: 176 START: 0000 STOP: 0842
] 6/26 DAY: 177 START: 0719 STOP: 2359
6/27 DAY: 178 START: 0000 STOP: 0836
6/28 DAY: 179 START: 0731 STOP: 2359
6/29 DAY: 180 STAKT: 0000 STOP: 1221
6/30 DAY: 181 START: 0711 STOP: 2359
7/1 DAY: 182 START: 0000 STOP: 0830
| 7/1 DAY: 182 START: 0903 STOP: 2359
. 7/2 DAY: 183 START: 0000 STOP: 1021 .
7/3 DAY: 184 START: 0715 STOP: 2359 T
7/4 DAY: 185 START: 0000 STOP: 1114 L
7/4 DAY: 185 START: 1445 STOP: 2359 SR
775 DAY: 186 START: 0900 STOP: 1609 ~
) 7/6 DAY: 187 START: 0837 STOP: 2359 R
; /7 DAY: 188 START: 0000 STOP: 1003 1
1/7 DAY: 188 START: 1103 STOP: 2359 1
7/8 DAY: 189 START: 0000 STOP: 1225 e
7/8 DAY: 189 START: 2216 SToP: 2399
_ 7/9 DAY: 190 START: 0000 STOP: 2339 {
D 7/11 DAY: 192 START: 0906 STOP: 2359 C
- 7/12 NDAY: 193 START: 0000 STOP: 1026 o
7/12 DAY: 193 START: 1208 STOP: 2359 B
7/11 DAY: 194 START: 000V STOP: 1331 Sy
7/14 DAY: 199 START: 1239 STOP: 2359 Rt
7/ih DAY: 196 START: 0000 STOP; 1402 W
). /17 DAY: 198 START: 1456 stop: 2359 S
) 7/18 DAY: 199 START: 0000 STOP: 1623 T
- 7/18 DAY: 199 START: 2212 STOP: 2359
N 7/19 DAY: 200 START: 0000 STOP: 2335
- 7/20 DAY: 201 START: (741 STOP: 2359
D,
R e e N e e e g N g Ny v




Date (1982) Julian Day Start (MDT) Stop (MDT) o
7/21 DAY: 202 START: 0000 STOP: 0904
7/21 DAY: 202 START: 1518 STOP: 2359 .
7/22 DAY: 203 START: 0212 STOP: 1303 ]
7/22 DAY: 203 START: 1307 STOP: 2359 DA
7/23 DAY: 204 START: 0000 STOP: 1430 RO
7/24 DAY: 205 START: 0740 STOP: 2359 S,
7/25 DAY: 206 START: 0000 STOP: 0905
7/25 DAY: 206 START: 1500 STOP: 2359 .
7/26 DAY: 207 START: 0000 STOP: 1625 -
7/27 DAY: 208 START: 0953 STOP: 2359 oo
7/28 DAY: 209 START: 0000 STOP: 1119 ;
7/28 DAY: 209 START: 1735 STOP: 2359 A
7/29 DAY: 210 START: 0000 STOP: 1905 o]
7/30 DAY: 211 START: 1227 STOP: 2359 o
7/31 DAY: 212 START: 0000 STOP: 1412
7/31 DAY: 212 START: 1605 STOP: 2359
8/1 DAY: 213 START: 0000 STOP: 1758 S
8/1 DAY: 213 START: 2101 STOP: 2259 .
8/2 DAY: 214 START: 0000 STOP: 2314 -
8/3 DAY: 215 START: 0806 STOP: 23959 3
8/4 DAY: 216 START: 0000 STOP: 0959 R
8/4 DAY: 216 START: 1614 STOP: 2359 Rt
8/5 DAY: 217 START: 0000 STOP: 1749 RS
8/6 DAY: 218 START: 1443 STOP: 2359 ]
8/7 DAY: 219 START: 0000 STOP: 1619 .
8/7 DAY: 219 START: 1933 STOP: 2359 ]
8/8 DAY: 220 START: 0000 STOP: 2132 NS
8/9 DAY: 221 START: 0933 STOP: 2359 S
8/10 DAY: 222 START: 0000 STOP: 1108 R
8/11 DAY: .23 START: 1012 STOP: 2359 ]
8/12 DAY: 224 START: 0000 STOP: 1141 - 4
8/12 DAY: 224 START: 1259 STOP: 2359 DGR
8/13 DAY: 225 START: 0000 STOP: 1408 -
8/13 DAY: 225 START: 1412 STOP: 2359 Sl
8/14 DAY: 226 START: 0000 STOP: 1425 >
8/14 DAY: 226 START: 1429 STOP: 2359
8/15 DAY: 227 START: 0000 STOP: 1546 .
8/15 DAY: 227 START: 2043 STOP: 2359 .
8/16 DAY: 228 START: 0000 STOP: 2201
8/17 DAY: 229 START: 1946 STOP: 2359 !
8/18 DAY: 230 START: 0000 STOP: 2101
8/22 DAY: 234 START: 1640 STOP: 2359 :
8/23 DAY: 235 START: 0000 STOP: 1759 -
8/24 DAY: 236 START: 1446 STOP: 2359
8/25 DAY: 237 START: 0000 STOP: 1506
8/25 DAY: 237 START: 1516 STOP: 2359
8/26 DAY: 238 START: 0000 STOP: 1655
8/27 DAY: 239 START: 1328 STOP: 2359 -
8/28 DAY: 240 START: 0000 STOP: 1449 -
8/ 10 DAY: 242 START: 1819 STOP: 2359 o
8/ 31 DAY: 243 START: 0000 STOP: 1936 RN
B/ 31 DAY: 243 START: 2200 STOP: 2359 NS
e el e L R R SR
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: Date (1982) Julian Day Start {MDT) Stop (MDT) B
i 9/1 DAY: 244 START: 0000 STOP: 2317 3

: 9/2 DAY: 245 START: 0718 STOP: 2359 T
. 9/3 DAY: 246 START: 0000 STOP: 0835 X
; 9/3 DAY: 246 START: 0904 STOP: 2359 I
. 9/4 DAY: 247 START: 0000 STOP: 1019 WOAY
| 9/4 DAY: 247 START: 2224 STOP: 2359 -

' 9/5 DAY: 248 START: 0000 STOP: 2348 )

9/6 DAY: 249 START: 0723 STOP: 2359

- 9/7 DAY: 250 START: 0000 STOP: 0844

: 9/7 DAY: 250 START: 2202 STOP: 2359 .
. 9/8 DAY: 251 START: 0000 STOP: 2323 ]
: 9/9 DAY: 252 START: 1524 STOP: 2359 -

9/10 DAY: 253 START: 018 STOP: 1459 ]
9/10 DAY: 253 START: 1504 STOP: 2359 |
9/11 DAY: 254 START: 0000 STOP: 1626 ]

— -—
’ C
. S
. - - Y
i -
)
» o
5 o
- )
) _

. 1
IR
ey
AN
3 N
D -
e e pe e e T T e o




. 14 )

: 150,000 — N=442,597 )
; 100,000 — 3 ,,CENTER FIELD
2 S e Y S
- 5o,ooo-|'_ < o gs{ < 88 8oo0o0o0° -
- N o 4
| o7 R LN AL B HL A I LN B L -
]
150,000 — N=442 519
100.000 — | 1 SOUTHWEST
| >t
0~ L e B e e .
%)
t 150,000 - N=442,598
- o SOUTHEAST
; 100,000 Q ,
t = oL N
| & 50,000 WEZNSNYgNaumogo O
' =2 — 2 o maam
. (2 0 -t 1 5.1 ¢ 1 ° 1 11T vV 71T 771 T 1
i = 50 N=440,179 XU
l w 'S0000-= __ »  NORTHEAST 1
_ 2 100,000 — OF .~ S o
: Qo - = (o] 4
w 50,000 Mmoo Y r~ @ o W ) -
: o Sog ol eNe2= :
% S 0~ Tt I T T T T T T T T ]
4 ..
: 150,000 — N=442578 L
100,000 — ~ o NORTHWEST
50,000 3"§83"ng0
' | SR e R R 2 A
] 0+ ) S D R R L O . L I L L L R ]
150,000 | N =440,359 S
100,000 - 2 8 o NORTH >
[ ] 50,000 — o DT (o\’j P N N N — o~ )
: — = v T m - -
0 T T T T T T T T T T T T T
0 S 10 15 20 25 30 35 40+ BAD
KNOTS
' )
Figure 4. Histogram of LLWAS wind speed data for the centerfield and all
boundary remote sites in JAWS.
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sions, with any value 40 kts or greater grouped at the right side of the
histograms. A count of the bad values (shown as 99 kts) is given at the
extreme right. Above 20 kts, the actual number of events per division is
shown directly on the graph as a line or number. The general distributions
of wind speeds are similar, with peaks Iin the 2.5-5 kts range. The obvious
exception to this pattern is in the north boundary remote sensor, where the
wind speed 18 consistently low. In fact, on the average this site is 8 kts
lower than the other remote sites. This error went undetected by routine FAA
maintenance from 20 May until 23 July, when the problem was corrected. The
anemoneter was apparently defective and consistently read low.

Another observation from Figure 4 is the indication that the centerfield
site observed consistently fewer higher wind speeds than the remote sites
(except, of course, for the defective north site). This 18 certainly ex-
pected because of the much longer averaging period of the center site. For
example, the center site had no wind readings in excess of 30 kts 1in contrast
with the other sites.

There were 4,758 bad values out of 2,656,828 recorded (C.18% bad data),
(99.82% good data), with essentially all at the northeast and north sites.
We believe these values are due primarily to failures in the communications
link from the sites to the computer base station. There is an existing
“"housekeeping™ computer output from LLWAS which provides technicians with a
means for assessing communications efficiency. In addition a simple examina-
tion of batch wind speed statistics such as those of Figure 4 could provide
early indications of system malfunctions to system englineers and technicians.

So that the wind speed statistics for each site could be better compared,
we arranged them in an alternative presentation (see Fig. 5). The fewer high
wind speed values for the centerfield site are most obvious here. Al of _.he
wind speed data for all sites have been grouped into a single graph rr:sented
in Figure 6. The axes are the same as in Figure 5. This graph is useful in
identifying the total number of wind speed events for the LLWAS. For ex-
ample, approximately 10,000 events exceeded 20 kts, while about 20 singular
events exceeded 40 kts.

3.2 Wind Shear Summary

The LLWAS system addresses "wind shear” by computing the vector dif-
ference between each boundary remote site and the centerfield site. 1f on
any single computer sampling scan the vector difference between any two com-
parisons equals or exceeds 15 kts, that compared scan is identified as a
trigger event. By convention, this trigger event is termed wind shear, but
in fact is {u the units of wind difference (units of knots). For the sake of
consistency with those who use the LLWAS, we will continue the useful conven-
tion of calling the units of a trigger event "wind shear.”

Figure 7 1s a histogram of the LLWAS wind shear data, where the vector
difference between the centerfield and each boundary remote site has been
calculated for each scan (each 11 s). Although the actual calculation {is
wind velocity (speed and direction) vector difference, ounly the wind vector
difference magnitude {s shown in Figure 7. The consequences of various
trigger thresholds are obvious; clearly, the number of wind shear events
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Histogram of wind shear (actually wind difference in knots) for
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falls drastically with increasing threshold. The malfunc:ion of the curth
boundary remote site appears czain in the form of an ex.essively large number
of wind difference (center-north) readings in excess of S knots. The number
of large shear values 18 significantly higher for the certerfield-to-north
comparison partly because of the system's sporadic interpretation of the low
response of the north site as a wind shear event when the wind is strcnger at RO
the centerfield. For example, 1f the centerfield site were to show a mean A
wind {rom the north at 20 kts, the low response of the north site might indi-- 'A
cate a mean wind of 12 kts. Sporadic gusts causing readings from 4-14 xts at e
the north site would produce sporadic triggers. In effect, this defective -
sensing at the north site causes an inversion of the normal wind shear calcu-
lation if strong mean winds occur at the centerfield site (i.e., interprets
weak winds at north site as wind shears).

Figure 8 i{s an alternate form of the same wind shear statistic. Figure 9
deplcts the cumulative wind shear statistic for all comparisons. Again, the
effect of thresholding can be examined in this figure. For example, for a 15
kt threshold 3907 triggers occur. [If the threshold were changed to 20 or 25
kts, the number of measurements would decrease to about 1000 and 400, respec-
tively., Thus, such data can be used to predict the impact of an algorithm e
threshold change in terms of number of triggers. However, until we examine N
the presence of wind shear events independently it 1is not meaningful to
adjust the LLWAS threshold. At first we thought such a high number of
events would saturate the LLWAS warning system. However, as we will see
later, the number of alarms (grouped triggers) was much lower.

Figure 10 shows the distribution of triggers by time of day (MDT) for all
boundary remote sites, while Figure 1] shows the same temporal distribution
for all sites combined. The bimodal distribution 1is similar to that seen in
the distribution of microburst statistics reported in McCarthy et al. (1983)
using Noppler radar data from JAWS, and to that reported by Fujita and i
Wakimoto (1983) using PAM data. 1In general, the variability in the occurren- e
ces of triggers as a function of time from site to site is quite similar, e
with most occurring between about 1200 and 2000 MDT. All sites indicate a
peak near 1600 MDT related to late afternoon convection. Although almost all
of the wind shear events identified by the LLWAS occurred in the afternoon
and carly evening, a number of events were not related to convection. Note
that several peaks occur at unusual times. One at 0100 MDT on the southeast
slte 1s probably related to nocturnal drainage flows associated with a
terrain depresstion (creek bed). The other peak (0900-1100) on the southwest
site mav bhe caused by alrcraft wiake vortices. The combination of atmospheric
stabllity and high afceratt traffic I{n the early morning may {ncrease the
probabllfty of a wake vortex i{mpact. Detalled investigations will be
necessary to {dentify the actual causes of uausual peaks.

As ment foned earlier, the total number ot triggers seemed excessive. 1In
the desipn ot the LIWAS, the FAA clearly recognized the sporadic nature of
low=level wind shear and therefore had the system group triggers into alarms Tl
(see detinlt{on of terms, section 2.2). When a trigger occurs at a boundary Ry
remote sfte, the alert l{pht in the control tower remains on for three con- ":E
secut {ve scans.  Then Lt poes out, unless in one of the three scans a shear RS
of 15 kts or preater magnitude {s seen {n the same remote-centerflield com-
parison. UFkssentially, the alert light may stay on because of a single

- R AR T R SR PR MY TSP Y L B R TR S SR N P L T P TR TS . . . . -
J S Py o A S RS LT RO A P A T
- “ s I Seat .

. “v
e TR, SR AN R P PR AT A -

L T T AT S e |

s
o e CSe e g e ettt - -
e aalat Caar ata et A sl e e e e




to
(A%
t

N = 282 m
50 7 SOUTHWEST

o
-.‘\-" -‘

. - Y

S e -

e 3

DR ..‘

-

4

Y

I
1

O +rt+T+ T T T 17 17 T 1T T

N=495
SOUTHEAST

0 rr!ﬁlrrlrjlﬁglv_r

100 — N=488 ]
NORTHEAST

O-Hﬂ—ﬁﬁﬂﬂﬁ‘i—

N=1,200 [T
200 - NORTHWEST >

100 —

P

]

LI

NUMBER OF TRIGGERS

N=1,442

200 NORTH
100 — h-1_- ;f-;
O +—T T FF T T+ 1 1 e ~:j;.i_.;:....

L 0 2 4 6 8 10 2 14 16 18 20 22 24 :

] .
b TIME (MDT) |

' “{gure :0. Histcgram of all trigge: events by time of day (MDT) for each

- site.

)

F .

b

';:-3;2-1' e SN T e e S e e e T e e T e e e T e e

e N T T T Y T T TN T N M w—m ———T TS, TR TWTTW W R Y T T w e s —~ -~ ey




*pauTquod s93Fs TIe 103J (ILAK) Lep Jo 3wyl £q sia3387a3 Jo wei301ISTH

(LAW) 3NIL

e 22 02 8 9 I 2 O 8

Ll
o3

......

......
........

.......

*11 @an3dy1yg

i P____

106€=N

002
(010}~

SY399141

(0,0}

........
........
A

............
. P
.......

40 ¥38WNN

«tetarat .
PP PN L P}




AN T T TS T e Y ———— - = T T T T —— - S mass e o e e oy
...,‘.I
R
T

24 2

N=63
SOUTHWEST .

o) o U B
] I ] :

N=135
50 SOUTHEAST

° — T 1 ]
40 N=98 :
NORTHEAST |

20 - f.

° 1 |
50 — N=|80 e
NORTHWEST

— -
0 r13==[: -

1
40 N=155

NUMBER OF ALARMS

NORTH :
20 —
I 2 3 4 % 6 T B8 9 0 > }

NUMBER OF TRIGGERS PER ALARM

Flpgure 12. Histogram of distribution of all LLWAS alarms as a function of :
aumber of trigrers per alarm (groups of triggers) for each LLWAS site. tf{Lw

........




AT

T

TpT—

*paulquod S$a3}s
Aiepunoq (1€ 2103 (s1988113 jo sdnoial) wiere aad si19887113 Jo i1aqunu Aq SmieTE SVYM]] JO WEIZ0ISIH °¢] 2INI14

WHVIV d3d SY399141
Ol< o0 6 8 2 9 S ¥ € 2 |

25

— 00l

43I8ANN

1€9 =N — 00¢

SWYVV 40

t .

LIS
b Tl WP L.

P

-
Setataet

te e e e LT et
B Lt et et et et Wt e
P A IR AP PR S A

DRI
v g,
D

e
Sl bl o

o
2

LRI
I
PV Sl W

.




triggering event, or may stay on for a group of triggering events, according
to the ahove concept. An alarm (s defined as such a group ¢f triggers, from
one to many.

When the basic LLWAS data set is examined in terms of groups of triggers,
or alarms, some intriguing statistics emerge. (1) The total number of alarms
was 631, while the total number of triggers was 3,907. So the alarms repre-
sent a more realistic picture of wind shear events, in that separate shear
events are hetter identified by alarms than by triggers. (2) From Figure 12,
the northwest and north sites recorded the graatest number of alarms con-
sisting of groups of more than 10 triggers. (3) Figurc |3 shows the distri-
bution of alarms as a function of number in the group. Single triggers
account for a large number (236) of the total alarms (631), and the one and
two-trigger events (340 events) account for over half of the alarms. (4) The
physical differences between wind shear events are clearly identified in
Figures 12 and 13. FEvents seen on the left side of the figures (one or two
triggers per alarm) represent short-lived and small-scale wind shear events,
while events seen on the right side of the figures (9, 10, or >10 triggers
per alarm) represent longer—-lived and larger-scale wind shear events. We
would like to assume that microbursts are indicated on the left and gust
fronts at the right. However, as we will see in the next section, that is

-
probably an incorrect assumption. N 4
4. COMPARTSON OF LLWAS ALARMS WITH MICROBURST STATISTICS T r
Throughout the JAWS Project, the NCAR Portable Automated Mesonet (PAM) S

was deployed in the Stapleton Airport area, as shown on Figure lé4a. This .

system provides 27 surface weather stations that automatically record dry
bulb temperature, wet bulb temperature, wind speed and direction, station o
pressure, and rainfall. These data are sampled once each second, and a one- T
minute block average recorded, along with the peak one-second windspeed gust T
that occurred during the one-minute block. The wind measurements are made 4

meters above ground. A more complete description of the PAM system can be -

tound in Brock and Govind (1977). .
The PAM system was deployed in a manner which coincided with the LLWAS, lrv;:

since we were uncertaln that the latter would be recorded during .JAWS. T

However, the avaflability of both measuring systems made it possihle to con- R

duct a suitable comparison. Flgure l4b shows the locations of the LLWAS

measuring sites relative to the alrport. IR

Fujita (1983) has scrutinized the PAM data set during .JAWS, for the pur- j:ff
pose of identifyluy the number of microbursts that occurred there. He made :
the assumption that a microburst produces a short-lived windspeed maximum,
which lasts less than 4 minutes at a single station.

Figure 15 shows a hypothetical microburst profile for a single station
hit, and this figure demonstrates the basis of Fujita's algorithm for micro-
burst detection.

First, the pre- and post-peak means are defined by
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which are the mean wind speeds on both sides of a given tine (see Figare 15),

Then a computer listing of the time (day, hr, min) of the winds whichk
satisfied simultaneously the following six conditions was obtained:

Condition 1, wc > 10 m/sec = 19.4 kts (a3)
Condition 2, Wc > W_+ 5 m/sec (a4)
Condition 3, wc > w+ + 5 m/sec (as)
Condition 4, WC > 1.25 W_ (ab)
Condition 5, W_ > 1.25 ﬁ+ (a7)
Condition 6, w+ < 1.5 W_ (a8)

Condition | specifies that the center wind W_must be faster than i0
m/sec (19.4 kt) in order to be identified as a microburst. Every maximum
wind measured by PAM was used as the center wind.

Conditions 2 and 3 state that the center wind must be at least 5 m/sec
faster than the mean speeds before and after the center wind.

Conditlons 4 and 5 specify that the center wind must be at least 25%
faster than the mean wind speed before and after the center wind.

Condition 6 excludes the gust fronts which are often characterized by
long-lasting post-frontal winds.

Using this algorithm, 436 peak winds {n JAWS, throughout the PAM
rationale, were Lldentifled using a computer as candlidates for microburst
winds. This very large number of "spilke”™ winds was believed by Fujita to be
excessive, and a detailed case-by-case hand analysis reduced the total number
to 186 for the full PAM station domain, and to 123 microbursts within B8
nautical miles of Stapleton.

This count {s belleved to be an approximation of microburst counts, with
the possibility of wake vortices, some dounbhle station eonnting, and other
unknown contaminat {on present i{n the statistics, In additfon 1t should be
clear that other torms of wind shear at the Earth's surtace, such as gust
tronts (meeting condition 6), have been eliminated.

We compared the dafly totals of alarms for the LIWAS system during che
test perfod with the dally counts ot microbursts {dentified hy Fujita (1981),
and Fujita and Wakimoto (1983) as occurring within the PAM array, located
within an 8 nautfcal mile radius of Stapleton Alrport (Fiy. l4b). Figure 16
fs a histopgram showinyg the comparison. This filgure also appeared {n Townsend
C1983).  on two importaat microburst days, 14 and 15 July 1982, a larye
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accutred. Howeve , many days with many alarms were not "microburst days.
Remember, however, the LLWAS system includes microburst wind shear with other

forms of wind shear, whereas results of Fujita are based upon an algorithm

designed to suppress gust fronts. Thus one word of caution is necessary when .
making this comparison: the microburst statistics shown in Figure 16 do not

indicate the presence of larger-scale events such as gust fronts. A parallel .
study in progress (to be published separately) examines case studies that e
document the effective operation of the LLWAS system during strong wind shear :
events., However, a purpose here Is to examine the types of flows related to W
the alarms that occurred on days with apparently only weak convective acti-

vity. We are looking for the sources of alarms during weak flow events.

Figure 17 is an alternate presentat{on of LLWAS alarms by day, extending into

September 1982.

During the .JAWS experiment there were 631 alarms. Comparing LLWAS alarms
with meteorological data from PAM and other sources we related 101 (16. . 37%).
alarms fb microbursts, 75 (12.1%) to gust fronts, 145 (23.3%) to {solated
gths, and 300 (48.3%) to other sourceq. Tt is this last group p of alarms
that need to he characterized in terms of meteorological soutces and
wind shear severity. Because we lack detailed meteorological data covering
the lowest 300 meters for most alarms, we cannot address such a charac-
terization in this report. However, following sections provide examples for
some alarms and the associated meteorology derived from PAM and/or radar
data. An important observation 1is the large number (145) of alarms involving
isolated gusts (one or two isolated triggers near the 15 kt threshold level).
Our study suggests that a large number of false alarms could be eliminated by
requiring an alarm to consist of 3 or more consecutive triggers.

Several days with high aumbers of LILWAS alarms and few detected micro- TT#
bursts were examined to Investigate the nature of the system alarms. Table 2 L
summarizes the results, and Figures 18a through 18g present the actual data R
for segments of each of the intervals for each day presented in the table. f}f
The few observed microbursts indicated in Figure 16 are more significant ;;‘

since they are based upon a larger area covered within 8 nautical miles of
the airport by the PAM array. We chose 6 days for study each of which showed
a significant number of LILWAS alarms and no or few microbursts on the PAM
array. After reviewing the LLWAS data for each day we identified intervals
representative of the types of flow causing the alarms. On each of the days
weak wind pusts marginally near the 15 kt threshold caused sporadic triggers.
An example on 22 .June 82 (Fig. 18a) shows the north site low sensitivity
interpreted as a wind shear relative to the centerfield site, thus producing
triggers (in this case false alarms). Another example on 10 June 82 (Fig.
18c) indicates how a localized gust occurring in a convectively disturbed ;
situation can cause a trigger. Such pusts probably occur over small scale B
sizes. Such local gusts and weak flows causing marginal triggers may not o
present a signditicant hazard to aireraft. The following section discusses
the meteorology for each of the cases described in Figures 18a through 18f.
JAWS Doppler radar scans are used to help {dentify flow features.
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Table 2. Summary of the nature of LLWAS alarms for
LLWAS indi{cated many alarms but few microburst wind
the PAM system.

PR ’-'-rﬁ—r‘wﬁ-‘

selected days when the
shear events were seen on

Date Number of LLWAS Number of
Alarms Microbursts

"‘vg'
’

Nature of Alarms

22 June 82 27 3 (a)

(b)
(c)

y o ow o~

30 June 82 17 3 (a)

e T TTRY

(b)
(c)

20 July 82 1 3

!
"A
[

21 Julv 82 3 0

2 August 82 23 l

7 August 82 29 2

Weak flows (no gusts over
20 kts) causing sporadic
alarms

1609 MDT weak microburst

North site triggers be-
cause of equipment
problem (Fig. 16a)

Marginal sporadic wind-
shear from SE site much
of the day (Fig. 16b)

Event at 1810 MDT

1757 MDT example of
trigger from localized
gust (Fig. l6c¢)

Marginal 15 kt vector
difference triggers
occur sporadically
(Fig. 16d)

Marginal 15 kt vector
difference triggers
occur sporadically
(Fig. 16e)

Marginal 15 kt vector
difference triggers
occur sporadically
(Fig. 16f)

Marginal 15 kt vector
difference triggers
occur sporadically
(Fig. 16g)
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22 June 1982 (1540-1550 MDT) (Figsa. 18z.1 and 18a.2)

There were no triggers assvclated with the initial motion of a weak gust
front moving from south-to-north over the LLWAS array. However, when two
northern sites (N and NW) were not as yet in the cold outflow air, triggers
occurred because the outflow caused the centerfield mean wind to exceed the
15 knot vector difference relative to the N and NW sites. Figure 18a.2 shows
this situation. Although a microburst occurred to the north of the airport
at 1547, it was too far away (~10 km) to influence flows over the airport.
This case 1s notable in that it represents an “"inverse” detection of a gust
front. The leading edge of the gust front did not cause triggers as it
entered the airport boundary; but the absence of the gust front at two north
LLWAS locations did cause triggers.

30 June 1982 (1535-1545 MDT) (Figs. 18b.1 and 18b.2)

Between 1530 and 1600 MDT there was a flow from SE to NW measured on the
surface sites to the east of the airport. A boundary between a weak flow
from west to east and this flow from the southeast occurred over the airport.
Figure 18b.2 shows the wind vector fields at 15:42:28 MDT. The fact that the
southeast (SE) LILWAS site was not in the west~to—-east flow caused that site
to {nitiate an LLWAS trigger marginally above the 15 knot vector difference.

30 June 1982 (1750-1800 MDT) (Figs. 18c.l and 18c.2)

A convective boundary developed over the alrport oriented NE to SW. No R
precipitation was measured and there was no radar evidence of diverging flows 23:3
or microbursts. The simple gust and associated trigger on the NW site could e
not be related to any specific meteorological event. Figure 18c.2 indicates ‘
that the mean flow was from NW to SE on the northern LLWAS sites. Such
flows (in excess of 10 knots) should have prevented the advection of wake
vortices from the N-S runways to the NW LLWAS site.

20 July 1982 (1810-1820 MDT) (Figs. 18d.1 and 18d.2) vrees

Marginal triggers occurred for the NE and SE LLWAS sites from about 1812
to 1816. There is no evidence of a thunderstorm gust front or the small
scale divergence that would indicate a microburst. Radar indicated a cyclo-
nic flow across the alrport and a line of virga was observed over the air-
port. A display of the wind vector flelds (Fig. 18d.2) at 18:15:28 MDT

- {ndicate a complex pattern of surface flows probably caused by a combination -~ -
T of weak convective flows interacting with a mesoscale eddy. -
o 21 July 1982 (2040-2049 MDT) (Figs. l8e.1 and 18e.2) Sl

The height contours across Stapleton International Airport range from
about 5300 ft near the south boundary to 5200 ft north of the airport. The -
land rises to the east and north to typlcally 5300 to 5400 ft within | to 2 e
miles of the airport. Triggers marginally above the 15 knot vector dif- Ea
. ference threshold occurred with the NW LLWAS site from 2040 to 2050 MDT. {Eﬂ
. Fipure 18e.2 shows the complex pattern of surface flows that occurred at
20:41:26 MDT. The flow patterns are typical of nocturnal drailnage flows,
strengthening and weakening at sporadic intervals during the cvening hours.
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Figure 18a.l1. Ten-minute segment of LLWAS data for 22 June 1982 (1540 to 1550
MDT). The winds at each site are shown, with the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrow indicates wind direction. An arrow pointing directly down
indicates a wind from the north. * refers to an LLWAS trigger. Triggers on
the north site are in part related to the low-sensitivity problem.
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Figure 18b.l. Ten-minute segment of LLWAS data for 30 June 1982 (1535 to 1545
MDT). The winds at each site are shown, with the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrow indicates wind direction. An arrow pointing directly down
indicates a wind from the north. * refers to an LLWAS trigger. Note that

the LLWAS triggered it times that are obviously not related to thunderstorm
gust fronts or microbursts.
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Figure 18c.l. Ten-minute segment of LLWAS data for 30 June 1982 (1750 to 1800
) MDT). The winds at each site are shown, with the ordinate indicating speed
» magnitude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrow indicates wind direction. An arrow pointing directly down
indicates a wind from the north. * refers to an LLWAS trigger. Note that
the LLWAS triggered because of a localized gust.
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Figure 18d.1. Ten-minute segment of LLWAS data for 20 July 1982 (1810 to 1820
MDT). The winds at cach site are shown, with the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrow indicates wind dircction. An arrow pointing directly down
indicates a wind from the north. * tefers to an LLWAS trigper., Note that

Fhe LLWAS triggered at times that we could not relate to thunderstorm gust
fronts or microbursts.
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Figure 18e.l. Ten-minute segment of LIWAS data for 21 July 1982 (2040 to 2050
MDT). The winds at each site are shown, with the ordinate indicating speed
maynicude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrvow indicates wind direction. An arrow polnting directly down
tadioarse 4 wind Toow the gorih, * retevs to an LLWAS trizger. ‘ote r-at

the TIWAS tripgpered at times that avre obviouslv not lated to t}P saderstarn:
gust fronts or microbursts.
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We found no evidence of thunderstorm ust front r microburst activity
causing these flows.

3
b
.

2 August 1982 (1345-1400 MDT) (Figs. 18f.1 and i8f.2) -

A radar scan of the region at 1357 indicated no signiiicant returns. .
Sporadic triggers occurred during this interval with the N and NW LLWAS L
sites. A vector plot of tte winds at 13:51:33 MDT (Figs. 18f.2) indicates j‘
the complex pattern of surface winds occurring. We find no evidence of thun- o
derstorm gust front or microburst induced flows. We deduce that the triggers =
were caused by the variable pattern of relatively weak flows In a convective
boundary layer.

A T

7 Augnst 1982 (1550-1600 MDT) (Figs. 18g.1 and 18g.2)

A radar scan detected a strong flow from NE to SW also shown by the PAM
array with no indication of significant divergence. Figure 18g.2 shows evi-
dence of small scale convergence over the airport. The sporadic triggers on
the N, NW, NE, and SE sites seem to be related to this region of weak con-
vergence and not directly to the stronger flows occurring outside the alrport
boundary. The centerfield anemometer was in the region between the northerly
flow south of the airport and the N-NW flow north of the airport. The low - -
centerfield wind speed values (~1 kts from the south) produced the marginal ’

15 knot vector difference values causing the triggers.

We can conclude from Figures 16, 17, and 18, and Table 2 that the LLWAS
system can have alarms from relatively weak or marginal wind shear situations

that are not thunderstorm gust front or microburst events. This should then —
be addressed in making {mprovements to the system. Qur general perspective -

15 to puard against "quick fix” algorithms that may not deal with the physics R
of accurate sampling of low-altitude wind shear. However, in Section 5 we {‘{

explore several points made at the end of the last section, and 1illustrate S
the value of a particular "quick fix."” We have attempted to illustrate that L
it should be possihle to ilmprove the system significantly using alternate e
algorithms, based upon analysis of avallahble data, without radical changes in -
hasic system concept and design.

5«  EVALUATION OF A GUST MAGNITUDE ALGORITHM

The current LLWAS operating algorithm is based on an advective concept
that appears to favor gust front features, nn detection of wind-shift lines
advecting into the system from afar, by using a 2 min running average at cen-
terfield as a reference. Case studies of strong microburst events typically
show sudden wind magnitude changes together with complex direction changes.
This (s especially true near a microburst impact reglion. These observations
suggest that a pust mapnitude change might provide a means of preferentially
detecting spatially concentrated microbursts when a reference based upon the .
winds for the total system is used. R

As o reterence tor the new algorithm we used the averaye of the wind
speed readings ot boundarv sttes for approximately a 2 min perfod (10 scans). o
The conterflield imemometer was excluded from these calenlatlions, The newest
¥ s RC averaye wind rveading from each site was compared with this ranning
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Figure I8f.1. Fifteen-minute segment of LLWAS data for 2 August 1982 (1345 to
1400 MDT). The winds at each site are shown, with the ordinate indicating
speed magnitude in knots. The origin of each vector indicates the wind speed
magnitude and the arrow indicates wind direction. An arrow pointing directly
down indicates a wind from the north. * refers to an LLWAS trigger. Note
that the LLWAS triggered at times that are obviously not related to thun-
derstorm gust fronts or microbursts.
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Figure 18g.l. Ten-minute segment of LLWAS data for 7 August 1982 (1550 to 1600
MDT). The winds at each site are shown, with the ordinate indicating speed
magnitude in knots. The origin of each vector indicates the wind speed magni-
tude and the arrow indicates wind direction. An arrow pointing directly down
indicates a wind from the north. * refers to an LLWAS trigger. Note that

the LLWAS triggered at times that are obviously not related to thunderstorm
gust fronts or microbursts.
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areal average. 1If any new value exceeded the average by 15 kts or greater,
it was defined as a trigger. Note that this new algorithm is based upon a
speed difference only, in contrast with the standard LLWAS algorithm which
is based upon a vector difference. Hence we call alarms from this new
algorithm magnitude alarms. The entire JAWS/LLWAS data set was processed in
this manner. Triggers were then grouped together as alarms in the same way
as the standard LLWAS triggers. )

Figures 19a and 19b show daily histograms similar in form and scale to
Figures 16 and 17. Notice that the distribution of alarms is greatly reduced
by this new algorithme In fact, when we compare the Fujita and Wakimoto
(1983) microburst distribution, the original LLWAS alarm distribution, and
this new alternative algorithm distribution, we can see that the new calcula-
tion produces results that are much closer to the microburst distribution.

We can summarize the trigger and alarm algorithm variations as follows:

LLWSAS (shear) NEW (Magnitude) ALGORITHM
TRTGGERS 3907 179
ALARMS 631 80

Triggers were significantly reduced and yet the new algorithm identified
significant events that occurred at the airport.

Figure 20 1{s an example of this algorithm processing a microburst event,
using both LLWAS and new algorithms. Figure 21 18 a histogram for all sites
showing the distribution of all triggers by time of day using the new
running-mean algorithm; and Figure 22 1s a histogram of LLWAS alarms by
number of tripggers per alarm (groups of triggers). These data, derived from
the new algorithm, are much more consistent in their various distributions
when compared to Fujita and Wakimoto (1983) microburst distributions than was
the original LLWAS alarm distribution seen in Figure 16. 1f the surface
system density is Increased sufficiently, this algorithm will be a good can~
didate to test for use with operational systems. However, we feel that even
this obvious improvement represents a quick fix, and we would urge caution
against using any new scheme too quickly. Such algorithms that preferen-
tially detect one type of meteorological event (in thls case microbursts),
may not detect, or may even surpress other events (such as gust fronts). One
concept for possible operational use of such algorithms 18 to operate several
Aalyporithm tyvpes In parallel and provide outputs that {ndicate the probable
event tvpe encountered after processing of comhined algorithms.

6. USE OF LLWAS STATISTLCS AS A GUIDE FOR
MATNTFENANCE AND SYSTEM EVALUATION

Data from the LLWAS can be applied so that the operation of the system
can be "self checked.” As {ndicated previously in Section 3.1 summaries of
operations In the form of listings of communication fallure statistics are
presently collected for use by system technictans. 1In addit{on the main-
tenance problems and meteorological statistics can be addressed by using
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internal tests to determine the system {ntegrity and local properties such as
(1) detection of wind speed measurment errors, (2) detection of wind direction
measurement errors, (3) analysis of bad data points, (4) identification of
anemometer siting effects and problems, and (5) development of wind sta-
tistics depicting local meteorology. Following sections provide details and
examples of these.

We recommend that the capabilities outlined in Sections 6.1, 6.2, and 6.3
be applied as a part of a daily maintenance routine. The LLWAS minipro-
cegssor could provide similar summary data on a dally basis. Other statistics
(outlined in Sections 6.4 and 6.5) dealing with siting problems or meteorolo-
gical phenomena are more appropriate for analysis by some central facility.

6.1 Detection of Errors in the Measurement of Wind Speed

A histogram showing the distribution of wind speed for each anemometer
site of an LIWAS system (e.g., Fig. 4) can detect problems with a wind sen-
sor. Slow deterioration of an anemometer bearing (although not causing a
complete lack of sensor response) could be detected by inspection of site
statistics. The degraded response of the anemometer at the north LLWAS site
during the JAWS experiment is evident when Figures 4 and 23 are inspected.

6.2 Detection of Errors in the Measurement of Wind Direction

An anemometetr could develop errors in measuring wind direction because of
mechanical or electronic problems. The statistics of the direction measure~
ments of a site compared with the centerfield can indicate such systematic
direction errors In a vivid manner. These comparisons can be especlally use-
ful when a large-scale flow (which can be expected to produce relatively uni-
form winds spatially) has occurred over a 24 h period. An example of a
useful display of directional data is shown in Figure 24. An x,y array was
created for the southwest and centerfield sites using bins of wind direction
in 15° increments. The number of measurements (z values) falling in each bin
can be counted with little impact on microprocessor memory. The final x,y,z
array of data can be fed to a line printer. On 2 August 1982 a wide range of
wind directions occurred. Figure 24 shows that the counts cluster near a
diagonal (indicating agreement between the southwest and centerfield wind
directions). A consistent offset from the dlagonal would indicate an equip-
ment or terrain obstruction problem.

6.3 Analysis of Bad Data Points Typically Arising
from Transmission Krrors

Listing of bad data points by site as a function of time of day could
permit {dentification of the source of the problem. Also there would he a
clear indicat{on of the impact of these problems upon system operations.
Inspection of the data shown in Figure 4 shows that there were great 4if-
terences in the numbers of bad data polnts obtalned from the virious LILWAS
si{tes during the JAWS experiment. For example the northeast and north sites
each hat over 2000 bad data intervals while the total for the other three
sites was less than 100 bad points. Radio Interference problems or marginal
transmiss{on paths conld be the sources of these bad data at certaln times of
day.
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Figure 23. Histopram of LLWAS wind speed data for 3 July 1982 (0715-2359
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MDT) comparing three sites.
becomes quite evident.

The low-sensitivity problem with the north site




.. R S 7
s ..-
,...
¢ *wd1qoad uoj3Ri1p
PuUIM DO13jewalsds ® 93BDJpPul pInom sjusmwainsesd Jo Buydnoid [ruOBEIP-JJO JUSISTSUOD § *zge] ISndny g uo g
[ LW #1€Z ©3 0000 Poriad Syj 310J UOTIDBATIP 23ITS 3ISaMYINOs ayl Yiim paiedwod UOTIDRIFP P1o13I833Ud) 47 2In¥}Y
ﬁ. A
f 1 "4
1 € €6 8 © 0 O © © ©0 0 0 © o0 O ©o O 0 0 & 1 8l &1 9 E6& 4GE OL G¥E 1 .
r ' mo/«ﬂ 4 € 0 0 o0 O 0 0 0 O 0 © 0 0 0 0 v 0 &1 & &Z {01  vvE 01 OEE w ) \.
w . ev mﬁ/vom/ €€ 0 0 0 0 O 0O 0 0o 0 © © 0 O ©0 1 £ 8 01 gl &Y 62c O1 G1E m g
” H 1¢ B2 2z mn_/o o o © © o 0 0o 0 0o o O O O O ©0 o0 e € g $1€ 01 OOE w \,.“
: ‘ 2y 6E 681 6L n/o o 0 o 0o o o © 0 o O O O O 0o o0 2 o 8 662 01 82 1
' ¢ ¢ 228 & &_0 0 0 0 o O O O o © O 0 O O 0 z 1 € ¥82 0L Oc2 “ E
“ m 6 o0 o1 E2 OZ m/ou/M ©o o 0 o 0 0 o O 0 0O o 0o o0 & € 92 692 0L s&2 m “
' o 1 0 &1 1 &1 €€ /S o 0o o o ©6 o 0 O © ©0 o0 0 o o O ¥<Z 0L ObvZ 1
i _ 0 11 8 ¢ O & B & O O O O O O © © O O o O o0 o0 0 & 6£2 DL €22 w o
. * o 1 €1 £ £ €& ¢ S c/n /ﬂw © 0o o o 0 © O 0O ©0© 1 o0 o © vez o1 oiz w "
A , 06 0o 0o 0 0o o o 1! o0 ¢ €Y ¥ T O 0 O O O O O O 0 O 2Z 50Z 0L S61 w A
i ~N NOT L5381
, 0 0 o O 0o © o0 O O O 2 ESIMEL © O O O ©0 € 1 O o0 O 61 0L 081
©o o o o 0 o o 0 o o 1 nZ/oR /8¢ 2 2 2 &% 9 0 0 o0 O 641 DL 691 s
. AN 1S3 HLNOS
) 0O 0 0 0 0 ©O 0 O ©O O O €& «P1L EIZ ¥6 91 € &1 % € 0 O o0 O© 91 oL oSt 1
o 0 0 o 0o o o 0O 0 o0 0 ©o0 o m“/oe/ﬁ L 9 E ©0 O O o g obl OL GET w
o o © o © © 0o o0 o0 o 0 0o 0 0 g1 n//o o € o 2 1 o 1 vEY 01 02V w
©o 0 o o o © 0o ©0 © o o0 0O o0 O o0 O o/o € o & 1 o0 g 611 01 SOV m \
. o 0o 0o © o o o O 0o 0 O 0o 0 ©O0 o O © o//mm o 9 8 ¢ & ¥01 DL 06 w u
© @ 0o o 0 o o © © 0 0O O O O ©o O O ¥ O ¥ 8 31 ¢ 81 68 01 &L “ ...L
41 ¢ 0 0 0 o o 0O 0o O O O O O o 0 O &2 No/nm 9 ee 1z €§ Y. 01 09 “ k
' 9 €10 0 0 0 0 0 0 0 0 0 © 0 o 0 © 9 .z on/nm/mw 9 9 66 D1 SV ” u
01t 9§ o 0o 0 O 0 O o O O © 0 0 o O ©O ¢t €1 % 2€ B. BY 9¥ vy 0L O w BN
g . oE 2 0 0O 0 0 o 0 O 0o 0 o 0 0O o O O O ST ¢ ¢tz oo/: 16 6z 01 &1 ”
' 6 8% 6 € O O 1 & 2 O O O O O o0 O O ©0 T 9 (£ 2L o¢/,mnm ¥1 0L 0 w
' 66C bPE 62C VIE 662 vOZ 492 FGZ 6EZ HZZ 60Z v61 6L1 ¥91 o4l BEL 611 +01 68 6L &6 v 62 b1
: ~G¥E-0EEC-6 1E-00€-682-0LE 662 -0 2-STE-012-C61-081-651-061-GEY~021-601-06 —§L —~09 —6¢ —0E —gT -0
M emmmecee——ee N 01 123814 G131 3 ¥33LNID e oo e




STe . e e . o . N P e . -t - . e PR Y .
- e T e . Lt et . - A . PN PR S o .t - At e tat et Lt L,
LT T WP PR WP 1P N S 2 ) U ] Lboan b - PRI VRESPNE DL SNE. DA SN RS W WU WIS WS WL PSP PP Wl WG Sl WL WIS . P D)

LT i e e T R e el i g R R 2o B her aatture Sl St b e Sore Sl Tl Tt B B it Jamie JR ey cone b e T e S D e o B e 2t e

60 o
heh Identification of Locatlon or Terrain Problems
Comparisons between the various sites using wind direction and speed sta-
tistins can identify a variety of siting problems. A combination of time-of- - 3
day histograms (Fig. 10) and studies of the mean w nd speeds and directions o ]

under different conditions can indicate problems related to runway proximity o]
or local terrain features. 1In this way the frequencies of local disturnances SR
such as wake vortex impacts or drainage flows can bhe compared for the various

sites. Conslderation of statistics comparing wind speed and direction data

ﬁ" .

can also indicate condition:s when local winds are underestimated by the B
influences of local buildings or vegetation. Figure 25 is an example of a L
display that could be used to study siting eifccts.
In this display the x values are the centerfield wind direction in 15°
increments. The y values are the difference in wind speed between the south-
west and centerfield sites. The number of measurements falling in each bin - :
are counted and the x,y,z array 1s presented in Figure 25 for 2 August 82. o 4
For large-scale flows the values should be distributed symmetrically about 1
the center line (zero difference)., A consistent bias with the centerfield %
wind speeds consistently above or below the site values would indicate an §
equipment calibration problem. If such consistent differences occurred only ]
for a range of directions, terrain effects are the probable cause. - 4
L
6.5 Development of Wind Statistics Depicting Local Meteorology ;i
The statistics of the meteorological processes influencing a given air- e
port can be invaluable for operational planning. Specifically, the time-of- SR
year and time-of-day statistics of wind shears above some threshold level for e
an airport could be used as a basis for scheduling hours of peak activity. o
Certainly, cautionary information could be provided to pilots concerning . s
times when helightened awareness 1is indicated. Examples of meteorological —;:"AQ
processes that could be specified using data recorded on LLWAS systems are: ) ]
® sea breezes L:;;;s
4
e nuocturnal drainage flows o)
e frontal passages
® time-of-day wind shear extreme statistics °
. 1
e microbursts ]
e thunderstorm gust fronts.
In addition more representative data on airport mean wind speed and direction j
could be provided as a function of time of year. ,_ 3
7. LIMITATIONS OF THE SYSTEM fi:E;f;
The following are limitations of the system: Lj
k
(1) LLWAS 1is clearly a surface-wind measurement system: horizontal winds ® 4

above the sensors are not detected. This may not bhe a signi{:cant problem in
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a gust front or sea breeze front situation, but it {s a serious limitation
when there are strong wind shears that are not present at the surface, as 1in
many froantal and low-level jet situations.

(2) LLWAS has temporal and spatial resolution limitations which may
present serious problems for the detection of the smaller scale events.
Appendix A (Bedard and McCarthy, 1984) describes a case study documenting the
small time and spatial scales that can occur. The distances between anemome-
ters are a measure of the scale of event which can bhe detected with con-
fidence. The average spacing between the centerfield and the boundary sites
is about 3 km for a typical LLWAS. Because of the averaging done at the cen-
terfield, short-lived microbursts may not be detected there; consequently the
effective wind shear resolution for short-lived microbursts {s greater than 3
km and perhaps more nearly 6 km. Although a brief gust at the centerfield
will be registered as a gust (if it is of sufficient magnitude), abrupt wind-
shift lines may be flagged with a delay as a shear alert by the centerfield
anemometer. Therefore, although effective for gust fronts, the spatial reso-
lution scale is not appropriate for the detection of microbursts, which can
occur on scales of | to 3 km (Wilson and Roberts, 1983). Likewise, the tem-
poral resolution is compromised by the long averaging at the centerfield
site; a brief high wind encounter at centerfield would not be identified
unless it were of large enough magnitude. This effectively eliminates the
centerfield site as a high-resolution wind shear sensor. However, decreasing
the centerfield averaging time would of necessity result in larger and more
rapid variations, {increasing the probability of false alarms. Compensation
might be achieved by Increasing the threshold value at the expense of missing
some events, or by revisions of the overall detection algorithm strategy.

An alternate approach would be to create another analysis path using the
centerfield data while retaining the averaging system now in use. The 8-10 s
grab samples from the centerfield sensor could be compared with the running
average in the same manner as the outlying sites. In this way the spatial
and time resolution can be improved with no hardware changes required. This
would seem a desirable first step In improving the LLWAS. Since events can
appear over time scales shorter than 30 s, failure to detect an event over
one or two scans or fallure to apply the {nformation can be critical to
operations.

(N Surface wind events outside of the 3 km radius of the airport are
not sensed, which represents a possible deficiency 1f an alrcraft low alti-
tude encounter with wind shear were to occur outside of this radius.

(4) Vertical motions are not scensed directly: only horizontal ones,
which may have been inftlated by downdrafts, are sensed. There Is no warning
provided of descending downdrafts. Although the resulting outflows may he
detected, the hazard may already have been present for tens of seconds or
even minutes. For example, a descending downdraft produces divergence near
the surface when the downward moving alr has moved to within about one diame-
ter's scale length of the surface of the Earth. Thus, downburst vertical
speeds from smaller scale downbursts can be expected to occur closer to the
surface than larger scale downflows. In addition {f an anemometer {s located
directly beneath a downflow (at or near the stagnation point), no horizoantal
flows may be detected unless the system is translating.
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(5) LLWAS does not directly measure the wind along the flight paths,
and thus can report events not traversed by an aircraft, which the pilot
could perceive as a false alarm.

(6) Although downdrafts are converted to horizontal winds near the sur-
face, the diverging horizontal flows often may not occur at or near surface
sensors because of a variety of meteorological factors, such as shallow tem-
perature inversions close to the surface.

8. PRELIMINARY RECOMMENDATIONS REGARDING THE LLWAS

The LLWAS is a useful system, particularly for the detection of certain
wind shear situations such as gust fronts, frontal passages, and sea-breeze
fronts, which have dimensions of many kilometers, have durations of tens of
minutes or more, and travel across the ground. With modifications that
improve the gpatial resolution and time resolutions of the surface wind
measurements, the LLWAS should be capable of detecting & high fraction of
the dangevrous wind shear conditions in the vicinity of alrports {including
microbursts that have reached the surface. Such an investigation of up-~
grading of the LLWAS has been initiated by the FAA.

Figure 26 1s a schematic view of the various stages of a microburst.
Microbursts typically take longer than 2 minutes to descend from the source
region (near cloud base) to the surface. At the lower portions of the
descending region (<300 meters) the microburst flows can pose a hazard to
aircraft since divergence causes a horizontal area of increasing/decreasing
1lift to rapidly evolve as the Earth's surface 18 approached. At the base of
the descending reglon the flows have not reached the surface and therefore
are not detectable by anemometers. As the system continues to descend strong
winds will typically occur at the Earth's surface outside of the stagnation
region. Although anemometers can readlly detect this area of high winds,
they provide no advance warning. Therefore, remote sensing techniques must S
be developed and installed to detect the microburst in the generation and ]
desceanding stages, where negligible horizontal components occur. Such tech-
niques using Noppler radar for providing carlier warnings of the {mpending
microburat hazard are currently beilny developed (Roberts and Wilson, 1984).
At the present time, Doppler radars are most successful In detecting micro-
bursts during the hazardous, diverging stage., There (s a great need to con-
tinue the development of remote sensing techniques to provide earlier
warnings.

The LIWAS is the only currently avallable system for derecting wind S
shear on a regular basis. Tt is recommended that the LLWAS system be -

substantially improved and theSL improvements installcd “in existiqh LLWAS

systems at all major n{rporgi. In any “future {nstallations consideration
<hould be glven | o ensure that the system can be adapted or retrofitted to

permit the {ntegration of improvements i{n hardware, software, and recording
capabllities. Every effort should be made to assess and improve its perfor-

mance. Possible approaches include, but are not limited to, the following:

(1) FExamine signal processing techniques from simple approaches to an
exhaustive re—examination of sampling theory concepts. Consider the applica-
tion of alternate algorithms such as the one described in this report that is
sens{tive to wind maymitude changes. :::;
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(2) Investigate the benefits that might be derived by increasing the
number of sensors and reducing the spacing between them. Methods should be
used to increase the effectiveness of the centerfield anemometer as suggested
in fection 2.1. Figure 26 shows the influence of the centerfield averaging.
In this figure higher time resolution data measured on the SE site on 14 July . 1
1982 is used to illustrate the impact of centerfield 15 scan averaging on an .Ax;f
impulsive microburst wind surge. The original data at approximately 11l s S
intervals was processed with a 15 scan averaging to simulate the centerfield RN
response. The original data and the averaged data both appear in Figure 27. B
The largest wind speed passed through the filter 1is smaller by a factor of
two than the original time series. The appearance of the wind maximum is
also delayed by about one minute in this simulation.

(3) Analyze and revise the current method for displaying wind data. Tt
is technically feasible to provide this information directly to pilots. Use
of a computer synthesized volce system should be examined. In fact, we have
tested the concept of passing data from a LLWAS wind shear file tc a volice
synthesizer. Data processed in this manner showed vividly the advantages of
the prompt and accurate information transfer. Controllers could also be
relieved of the unnecessary burden of transferring this information.

-

T
e

(4) Analyze and revise, if appropriate, the current criteria for {ssuing
a wind shear warning. For example, the use of one threshold for issuing a
caution and a second, higher threshold for issulng a warning would help
ensure that warnings were heeded.

(5) Further study the use of complementary sensors to augment wind shear B
information yielded by the LLWAS. —m"ﬁ

1
(6) Record and analyze wind measurements by the LLWSAS installations fﬂjﬁ
nationwide to obtatn climatic E_ppertieq of ground -based wind shear. We A}}fj
strongly recommend this improvement. Not only could the climatology of low- ’f;.f
»

L

altitude wind shear be obtained, but routine, long-term batch statistics

would vastly improve ongoing maintenance as described in Section 6. A forth-
coming report based upon the results of detalled case studies of wind shear .
events during the JAWS Project will provide recommendations for further PRI
research and detail additional areas in which the LLWAS can be improved. ﬁgii
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APPENDIX

AIANA-84-0351, 22nd Aerospace Sciences Meoting, Jan. 9-12, 1984. Reno, Nevada,
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A CASE STUNY ILLUSTRATING TIME SCALES AND OPERATIONAL RESPONSES FOR A
WIND SHEAR EPISODE DURINy THE JAWS PROJECT

A. J. Bedard, Jr.
NOAA/ERL/Wave Propagation Lahoratory
Boulder, Coloradoe 80303

Jo McCarthy
Joint Alrport Weather Studies Project
National Center for Atmospheric Research
Boulder, Colorado 80307

Abstract

A microburst event on 14 July 1983 illustrates
the ahart time acales linvolved (n responding to
thia type of wind shear. The event also {llus-
trates how a controller used {information from
several sources in helping a number of afrcraft
Avold a dangerous wind shear situatf{on. We discuss
the implications of this event for the deslgn of
future wind shear detection systems and we relate
these observations to data obtained during the JAWS
experiment,

Introduction

On 14 July 1982 during the Joint Airport Wea-
ther  Studies Experiment (JAWS) (McCarthy et al.,
1982°), a serles of alrcraft problems related to
wind shear occurred during a 20 minute {interval
from about 1400 to 1420 MDT. We use this case to
iilustrate the operation of the Low Level Wind
Shear Alert System (LLWSAS) as well as to flilus-
trate the small spatial and temporal scales charac-
terizing some microbursts,

Fortunately, during this interval the com-
munication tapes for ailr trafflc control were
transcribed by the Transportation Systems Center as
part of a speclal satudy. The Automatic Terminal
Information Service (ATIS) recordings were also
available because of this study. Thus, we are ahle
to reconstruct the operational sequence of events
during this wind shear episode and emphasize hoth
the time scales involved and the {nterplay between
the meteorology, alrcraft, and the aircraft control
system, This summary indicates the need for quick
responde avgtems at every level when encountering a
mi{croburst hazard (detection, dissemination, and
atreraft response).

Wind Shear Event of 14 July 1982 Measured
by Surface Seuvsors

The LLWSAS functinning as_a component of the
JAWS experiment (Bedard et al. ) detected an ahrupt
windshear event on 14 July 1982, The Portable
Automated Mesonet (PAM) of the National Center for
Atmospheric Research (Brock and Govind ) aperated

fn a4 reyion fuclading the atrport and also provided
ddta, Frduios 1, 20 and 4 swemartiee these data and
ravitde fuliamat ton "W the toacvat Lane of the

mepaay oy afiee tolatfive (o the Jfrpors,

Figurea la, I1bh, and 1v deptet wind speed and
direction {nformation ohtained by the LLWSAS 1oy
three intervals (1409-1615 MDTY, [415-1425 MOT, and

1425-1435 MDT). Flgurea 2 and 1} present data trom
both the LLWSAS and PAM arrays at the timea of the

peak wind surges for the southeast LLWSAS site
(~14:10) and the peak wind gust meagsured at the
nearest PAM rite (14:12:26). There was no evidence
of the disturbance at any other measurement afte
although suome aensorg were within 3 km. The peak
wind surge measured at the PAM site lagged the
LLWSAS measurement time by more than l-min, Thia
delay could have been caused by advection or some
physical process causing the leading edge of the
microburst to be not represented at the PAM site,
The time delay (>60 8) involved with a separation
distance of ~1/2 km or with siting effects is im-
portant compared with the operational times in-
volved with this partacular microburst. Also, {if
the microburst had occurred in a different area of
the alrport it could easily have gone undetected as
a significant event.

Tabie | summarizes itmportant portions of pilot/
controller communications for the period between
1407 and 1415 MDT. There were three go arounds in
less than 10 min; one alrcraft (F244) had to go
almost to takeoff power. In our view, this situa-
tion was well handled by the pilots and local
control. Information concerning windshear encoun-
tered by the pilots and detected by the LLWSAS was
communicated promptly. A microburst apparently
occurred just to the east of the east-west runway
and was encountered by an aircraft on approach
during the time the wind aurge was flret evident on
the LLWSAS (1409:54). Although the LLWSAS provided
at most seconds of warning {n this instance, sub-
sequent LLWSAS information provided valuable guid-
ance concerning conditions around the FE-W runway,
The southeast LLWSAS sgite did provide information
at a critical Juncture concerning a 38 kt wind,
which guided flight Al7 ‘n making a declsion to go
around. However, the wind shear danger was firet
reported by the pilot of flight F244. At about
1414 a region of blowing dust was noted. Pilota
and control used all available information in thie
situation.

Another aspect of the operational communication
aystem {s illustrated tn Table 2. Transcripts from
the ATIS communicat{on tapes broadcast hefore and
after this series of windshear problems do not warn
of the meteorological windshear hazards being en-
countered in the terminal area.

The wmessage previsus o those appearing -,
Tahle 1 was at 135" MST, The wi-As descri%ed tr
message KILN (1a0h MST) just prior to the cve- .t do
sot agree with thnse recorded by the LLWSAS. At
e time of the messape the LLWSAS centerfield
winds were 089 at 4 kt. No significant gusts were
neasured durtag the previous 15 min at any LLWSAS
stte. The reason is that an additional anemometer
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7.1

Table 1. Pilot/controller communicat{onm retween 1407 and 1«15 MDT

Local Control # 2 (E-W) Fox o't C - Controller 'J

Time (MDT) Flight Details JE site Alarm 9
h min 8 LLWSAS wind= ‘A) -

14 07 S0 (F244] C - wind calm 072 @ 9 k¢ e
14 09 10 [A17] C - wind calm 067 @ 11 Kkt
6 09 54 056 @ 17 kt (A)

14 10 00 [F244]) - quite a shear @ 300 ft

plus or minus
- minus

-l T, -]
]

[A17]

0
[}

wind shear reported
loss of air speed at
100 feet

P - copy

[F244) P - goling around
C - how much did you lose?
P ~ had to go almost to take
of f power to catch {t

14 10 2R N40 2 38 kt (A)

14 10 40 [A17] P ~ wind check
¢ - CF wind 130° @ 4 and 019 @ 33 kt (A)
EW wind where you are
040 @ 38
P - we are goling to have
te go around

N

14 11 20 {A17] P - we are golng to have N46 @ 12 ke (A)
tn ret a stabflized
wind to land
¢ - worst one we got s out
there on the east-right
now it i{s down to 070 ¢ 11

. [F244]) P - we are going to try f{t
’ again. We would like to
have a - 77? - this time
and give you an idea
P where it {s

et W [UAGE Y] C - CF wind 150 @ 4, EW wind
nsSN @ 20 want to try it or
s go atound?
X P - 20 knots, nn we can't dn
. that

) , 057 8 11 kt (A :
t T ¥ vt .o

'
e e e e ——— e e e —— i)

1 14 A3 ? ¢ - F244 pot some pretty good T
L) duat ahnut 2 out; you can
3 probahly see {t; riyht here
ft fe ghowiny 0 A 4 ¥ and
E-W 010 8 9 knnta

Y

-
PP

[F2441] p - Thats what got us awhile apn
. - Think so; ahout time vou re-
ported {t, 1 got {t here; {t
pot up to I8 knots real aquick
P ~ We had to go to takeoff to
stnp that sinker

Taoa .
LI S SR SIS

Nashed Ltne fadieates that coutinuous LLWSAS Alarms for the SE site v.'\prw ared fn the contral o~
tower hetween 09 min 5 s and |2 min 37 s, :

s
D

o« b

. g
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Table 2., Trauscripts from the Afr Traffic

Information System Messages

microburst <could eastly have occurred within
the LLWSAS array and goue undetected,

(d) Three go arounds on the E-W approach occurred

1406 MDT Stapleton arrival information KILY within 10 min, all assoclated with strong shear B :
2006 Greenwich weather VFR tempera- to the east of the runwav. This series of
ture 87, wind 360 at 14 gusts to 25, events underlines the value of executing go
altimeter 29.99. Expect profile arounds during potentially dangerous wind shear .
dedcent vectors for visual approach. gituations. E
Landing runways 35L 35R VFR.Arriv- .
als landing Stapleton contact ap- (e) The use of pllot reports, LIWSAS measurements j
proach north 120.5 south 120.8 for of shear, and visible (adicstions (blowing - i
TCA clearance. Advise you have KILO. dust) helped alrcraft avoid the reglon of
dangerous shear. 1
1654 MDT Stapleton arrival information LIMA
1054 Greenwlch weather VFR tempera- (£) The fact that the ATIS tapecs made no mentinn of
ture B84, wind 360 at 16, altimeter the hazardous conditiona iadi{cates the need for
10.00, Expect profile to clear vec— upgrading the aystem to provide mire current
tors approach tunway 35 VFR. Arri- information,
vals landing at Stapleton contact ap- j
proach north 120.9%, south 120.8 for (g) There 1is a need ta use clear terminology ia
TCA clearance. Advise you have LIMA. making pilot reports. The recommended method
- for wind shear reporting {8 to state the loss )
or galn of alrspeed, the altitude at which {t |
occurred, and the location and type of air-
located near the north LLWSAS aite fs used with an craft, Such pllat repocts can be crittcal to
analog readout 1n preparing ATIS messages. This helping followiny atrccalt avoid dangerous wind .
non LLWSAS anemometer is preferred by contrallersn shear., ]
because of its “faster update rtate”. The pre- 1
ference for use of thls {ndependent anemometer may 4
alao reflect the fact that the north LLWSAS site Windshear detection svstenms, elther improved )
had instrument ?roblemn which caused (&t to read low LLWSAS or remote scnsiny approaches, need to pro-
(Bedard et al.”). These transcrints lndlcate that vide for raptd distribution of hazard {nformation.
the ATIS 1s not presently confijzured to respond to This case study Jescribing an evolving system and
rapidly changing systems such as microbursts, and assoctated aircraf:r problems {ndicates that time
times of increased work loads do not permit manual ascales of 10's of secouds can be critical to opera- -]

up-dating to ensure that curreat Information is
available, We direct these critical remarks to-
wards the bhasic capabilities of the present ATIS

tions. There {8 a great necd tn determine if there
exists precursor (nformattan (which would, e.g., - A
permit Doppler radar detection c¢f a downharst at or

system which require time for an operator to Ini- near cloud base), Futita and Wakimoto supgest R
tialize, It is technically feasible to nake a that upper level circulations may be assoctated e
large segment of the ATIS message automatic elther with downbursts. Fxisting data bases should he

through the use of a volce synthesfzer and/or a carefully examlaed (c.2., analyeis of the JAWS data
data iink with graphics display. Deslgns Tor the hase 1s wnow proceeding), t¢ detect correlations
Automated Weather ahservinyg System (AWOS), now hetween downbursts and the preceding meteorological
being tested for small, unmanned airports usc votce canditions.
syntheslzers to update messages essentially {n real

time. Similar technolngy should be applied to

update ATIS {nformatlon transter capabilities.
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